Mammogram image segmentation is useful in detecting the breast cancer regions, hence, better diagnosis. In this paper, we applied enhanced double thresholding-based approach for Mammograms' image segmentation. Moreover, we added the borders of the final segmented image as a contour to the original image helping physicians to easily detect the breast cancer into different Mammograms. The result is enhanced wise effect onto breast cancer qualitative detection into Mammograms, helping physicians for better diagnosis. Generalization for our study is possible for not only x-ray based Mammograms, but also for all biomedical images, as an enhanced segmentation way for better visualization, detection, and feature extraction, thus better diagnosis. Moreover, this manual thresholding method has the advantage of not only reducing processing time but also the processing storage area.
I. INTRODUCTION
Breast cancer is the second common cancer worldwide after the lung cancer, the fifth common cause of cancer death, and the major cause of cancer death in women [1] . Breast cancer is the second common cancer in women after skin cancer in the U.S. Both men and women can have a breast cancer, but there are about 100 times more new cases of breast cancer in women than in men every year [2] .
Beginning in the 1980s, screening mammography led to sweeping improvements in early detection of breast cancer [3] . Mammography is a specialized medical imaging that uses a low-dose x-ray system for scanning the breasts. A mammography exam, called mammogram, helps in the early detection and diagnosis of the breast diseases in women [4] .
Screening mammograms are administered to detect breast cancer in women who have no apparent symptoms. Diagnostic mammograms are used after suspicious results on a screening mammogram or after some signs of breast cancer guide the physician to check the tissue [5] . Image segmentation is an effective way for detecting the breast cancer regions in mammograms, hence, better diagnosis. Segmentation refers to the operation of partitioning an image into component parts, or into separate objects, and there is more than one approach for image segmentation [6] . More trials had been concerned with breast cancer detection by different segmentation approaches [7] - [11] . Double thresholding segmentation approach is a simple and basic way for dealing with cancer cells image segmentation [12] .
In this paper the same technique of double thresholding segmentation applied in [13] and [14] for Mammograms' image segmentation was implemented. An enhancement has been done to the segmentation approach by applying some morphological operations after double thresholding. As a postprocessing the borders of the final segmented image as a contour was added to the original mammogram image helping physicians to better diagnose the breast cancer in mammograms. The proposed approach has been applied on more than one mammogram scans taken from [15] .
The result is an enhanced detection and a better visualization of the breast cancer in different mammograms. Finally, it is concluded that enhanced double thresholding segmentation applied has improved wise effect onto the breast cancer detection into mammograms, helping physicians for better diagnosis. The paper is organized as follows: In Section 2, we display the materials and methods had been used in our paper including the enhanced segmentation approach, been applied on a four different Mammograms. A brief discussion of our results is displayed in Section 3. Finally, some concluding remarks are given in Section 4.
II. MATERIALS AND METHODS
A four sample Mammogram images had been used in our study, every image is 1024 pixels by 1024 pixels; taken from the MiniMammographic Database [15] . The top row of Fig. 3 illustrates the four sample images included in our study in the same order presented in Table 1 .
A. Double Thresholding Segmentation
Thresholding is a vital part of image segmentation, where it is required to isolate the objects from the background. Here, in this paper we used the same way of double thresholding segmentation applied in [13] and [14] for mammograms' image segmentation. www.ijacsa.thesai.org Double Thresholding Segmentation can be illustrated simply by choosing two pixel values L and U from our image, where L is the lower limit of thresholding and U is the upper limit of thresholding, and apply the thresholding operation as: A pixel becomes white if its grey level is between L and U, and black if its grey level is otherwise [6] .The result is a binary (black and white) image, white for all pixels' grey levels lies in-between the two limits value L, U, and black for all the others. For every image we work on we have to determine almost the pixel values for the area we need to put the scope on, and select a better thresholding limits for better extracting for the needed regions. For the four sample mammograms included in our study, after many trials we choose L = 0.75& U = 0.96.
The result of the double thresholding operation is illustrated in the second row of Fig. 3 .MatLab_R2017a had been used in our study for implementing the double thresholding segmentation and the following processing including some morphological operations.
B. Masking and Morphological Operations
A specified mask had been made especially to remove the unwanted borders into the mammogram image after double thresholding (see Fig. 1 ).
The proposed mask is 1024 pixels by 1024 pixels. It had been designed accurately to be suitable for almost all Mammographic Image Analysis Society (MIAS)'s MiniMammographic database because the size of all its images is 1024 pixels by 1024 pixels.
Moreover, all MIAS's database images had been centered in the matrix, so the mask is suitable for both; Mammograms with right position of the breast apex and Mammograms with left position of the breast apex.
After masking, some morphological operation had been done for smoothing borders and filling holes; including: morphological opening (erosion followed by dilation), dilation, thinning, and finally filling holes. The results of the four sample images after Masking and Morphological operations are shown in the third row in Fig. 3 . 
C. The Applied Segmentation Approach
The Applied segmentation approach can be summarized into the flowchart shown in Fig. 2 .
Step1: The original image is segmented by double thresholding producing the second row into Fig. 3 .
Step2: The result of Step1; is multiplied by the mask shown in Fig. 1, after that; supposed to some morphological operations producing the third row into Fig. 3. Step3: Contouring the abnormalities areas onto the original image by the boundaries of the resulted binary image from Step2; producing the Final Enhanced Segmented Mammogram shown in the last row of Fig. 3 .
III. RESULTS AND DISCUSSION
Final results of the four sample mammogram images are shown in Fig. 3 ; where, the top row represent the original mammogram images ordered from 1 till 4 in the same order of the four Mammogram images presented into Table 1 . The second row is the result of applying the double thresholding segmentation explained in Section2 in this paper. The third row is the result after masking and processing. The bottom row: final contoured images.
The final contoured images assure the wise of the applied approach into highlighting the abnormalities areas helping the physicians to easily detect the breast cancer into Mammograms. The applied enhanced double thresholding segmentation approach can be useful not only in the breast cancer detection into Mammogram scan images, but also, in extracting the regions of interest from biomedical images by selecting the appropriate threshold limit, hence helping the physicians for better diagnosis. So the generalization of our study is already possible for all biomedical images, as an enhanced segmentation way for better visualization, detection, and feature extraction, thus better diagnosis. Moreover, this manual thresholding method has the advantage of not only reducing processing time but also the processing storage area. In our study we proved that enhanced double thresholding segmentation applied has enhanced wise effect for breast cancer qualitative detection into Mammogram scan images, helping physicians for better diagnosis. Generalization for our study is already possible for not only x-ray based Mammograms, but also for all biomedical images, as an enhanced segmentation way for better visualization, qualitative detection, thus better diagnosis. Moreover, this manual thresholding method has the advantage of not only reducing processing time but also the processing storage area.
